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liT^^HOlJUCTIOiT. 


A  coni^ideraolc    field  of   usefulness    er.istf    for   a 
compact   anl  relialDio    apparatus-    for  converting    alternating 
current   into    continuous    on   a   sriEill  scale,    especially   for 
ciiaryin  -    accumulators.      ITeither    the   motor   generator   nor   the 
rotaiy    converter   is    in  the   iereliate    luture    likely   to  be 
superseded  for   the    conversion   of   large  pov/ers   at    comparatively 
lov;   potentials    froLi   alternating"   to   direct    current,    lout    for 
smaller  powers    there    arc   nov/  tv.'o    syttemt;    of   rectification  in 
coLiiiiercial    operation,    both   of  ther.   "n£-.Y±zi.r  the    suprurae  advan- 
tage   of  no  movinr   parts, -vii; . ,    the    electrolytic    rectifier, 
£J2d   the   mercury    arc    rectifier. 
The    Slectrol:7tic  Rectifier. 

The    chemical   rectifier    is    onl;7    serviceable    for    short 
runs.      It   lias  never    been  developed   to    any  degree   of   efficiency 
and   has    never   been  a  very    satisfactory   jiece   of  apparatus. 
The    Z.'ercury   .^rc-   P.ectifier. 

It  will  be   the   object   of  this   thesis    to  study   the 
mercurj^  arc   rectifier,    its   iises,    liiTiitaticns ,    advantiges,    dis- 
advantciges,    end    crjF.ract  eristics  under  vr  ri  ous    conditions 
by  means    of  the    oscillograph. 

Before   the    introduction   of  the    mercury   arc   rectifier 
tliS'    rectification  of   alternating  current  -.vas   only   possible 
by  means    of  the    motor   generator    set,    rotary   converter,    syn- 
cin:oncus   or  mechanically  driven  rectifiers,    and    chemical 
rectifiers.  Obviously  all   the    foreg-oin^'    arrangements. 


except    the   electrolytic    rcctirier,    nocessitate   rnov in ,f"  parts 
tliat    are    subject    ':c  v;ear  rnd.   Ixence   need    frequent    aijustraents 
and    renewals,    neve   lower  efficiency,   "besides   'beinr   expensive 
to    install,      im  attendant    v.no   loa  s   had   sorae    experience  with 
electrical   appliances  must   olso   be    provided  and   this    further 
adds    to    the    operating   exi-)ense.      For  these    reaons   there   has 
existed   for  a   lcnf.r    time    a  dcm.and   for   a  cheap  device   for 
rectifying-'    or  converting  alternating    into  continuous    current, 
tliat  should    at    once    he    compact,    efficient,    and    not   apt    to 

get   out    of   order.      The    General    Electric    Company's   Mercury 
arc    rectifier    sho-..n   in  Plate    II   fulfills    these    conditions   to 
a  nicety   since    it    is   lower   in  first    cost,   hisher    in  efficiency, 
more    compact   and   more   simple   to   operate    than  any  mechanical 
converter.      It    requires   practically   no  attention  and    for 
chargini-   batteries   it    is    almost    ideal. 

The    General   Electric    Compan^r's  mercury  arc   rectifier 
v/ith   a   20   ampere,    100  volt    tube    was  used  on  a   single    phase 
line   tiu-oughout    this    test  . 

The    investigation  of    thif;    rectifier  was  taken   up 
under  the  follovy-ing   heads;    study   of  the   theory  and    operation; 
experimental    determination   of   the    characteristics   under 
varying    conditions    of  impressed   E.F.F.,    rectified    '".'''.F,  , 
frequency,    load,    reactance   and  vai^t/ing   wave    forms;    and   the 
explanation  of   the   results   by  means    of  the    oscillograph. 


DESCRIPTION. 

The    Singlc-PhaEe   Hereury  Arc   Rectifier   equipcent ,    a 
front    and    side   view  of   which    is   shov.n   in  Plate    III,    consists 
of  a  slate    pen  el,    -xO"   :c  16"   x  li-",    rigidly  held    in  position 
"by  pipe    supports,    and    to    which  the    following   parts   are 
connected: 

1  Doutle   pole    circuit    "breaker 

1  Ammeter 

1  Voltmeter 

1  A,Q,    line    swit  ch 

1  Heetifier    tube 

1  Rectifier   tube   holder 

1  Starting    switch 

1   Combined   starting    and    starting   anode  resistance. 

1  Regulating   reactance  and   controlling-   switch 

1   Compensating'    reactance  and  dial   sv/itch. 
The    coi^pe  nsatin^'-   reectrnce    and    did  sv/itch    it    placed 
directly  below  the    panel. 

TUBE. 

The  tube    is   an   elongated,    cylindrical,    e::hausted 
glass   vessel,    having    two   anodes,    A-A'(See   Plate    V,    Fir,    1), 
one    cathode,    B,    and   a   start  in;    anode,    C.      The  tubes   differ 
in    size   according  to    their   ampere    capacity,    nnd    in  shape 
accor.Ling   to   the    D.    C.    voltage    at  which  they  are    to    be    used. 
Tubes   should    never    be    used   above   their    rated  voltage.      If 
used  at    lower  voltage   they   may  sometimes  be    hard  to   start 
but    othervdse   v/ill  be    satisfactory. 

The   tube   must    be   very   highly  exhausted   in   order   to 
insure    its    rapid    starting.      The    presence    of    foreign  gases 
or    inert  mercury   vapor   impedes  the    starting.      It    is  compara- 
tively ea&y  to  produce  a  vacuum  in  the   tube    but   a   difficult 
matter   to  completely  drive   out    gases   that    are   absorbed    in 
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the   v;alls    of    ti:i£   tube    and    tiie   anode  material.      Since   the 
vacuo   of  the    tube   becomes    iaip.?.ired   with   use   greet    care   must 
be   used   to    attain  as    nearly  a  pe'^fect   vacuum  ss    is   possible 
in   the    first   place. 

The    shape    of  the    tube    must    be    such   as  to    allov/   the 
free   ilov/  of   cathodic    ions    to  the    anode.      Capillary   or 
bent    tubes  hinder    or   prevent    the    starting    of  the   main  arc 
and   are    therefore    avoided. 

The  tube    used    in  this   test  v/as    of  a    20  ampere    capacity . 
There    is    theoret  ical  l;;v'   no   limit   to   the    capacity   of   'che 
tube,    but    in  practice   the   difficulties    of  introducing  l£:  rge 
currents   into   an  exi:ia,usted  glass  vessel   and   of   dissii-ating   the 
energy  wasted  in  the    form    of  heat    in  the    rectifier    itself   are 
to  be    met.      These   difficulties  have  been  sufficiently  over- 
come  to   build    a   tuble   of    100   amperes   capacity. 

The  tube  must   also    be    of   sufficient    size    to    provide 
ample    condensing'   space.      The  conductivity  of  the   arc    depends 
on  the   relative   amounts   of    ionized   and    inert  me  rcurj^   vapor; 
hence  tht    necessity  for    i-ondensat ion.      Sufficient    space  must 
also   be    provided   to  keep   dova  the    pressure    of  the    ordinary 
mercury   vapor   volatilized  from  the    cathode  to   a    certain  value 
so  that    conductivity   of   the   arc   is  almost    exactly  proportioned 
to   the    current . 

The    anodes   are    not   made   of  mercury   for  the    reason  that 
they  would    result    in   inert   mercury   production. 

HOLDER . 
The  tube    holder,   mounted    on  a   support  back    of  the 
panel,    consists   of   an  upper    clip  and   a    lower  support   for 
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Iioldinf:-   the    rectifier    proper. 

The   holder  is    rifidl^   cciiaectel   to  ;.     small   hand  -.vheel 
on    th,:,   front   of  the    penel ,   iised    to  tilt    ':he   tu"be     ./hen    starting. 
The   support   for  the   holier  hL.t    four   leads  v.hich  mslze    eontaot 
v.ith  the    foui"  termin£-l£    of  the   tuhe  . 

STARTIEG-    'iWITUil. 
The    startin;-'   suit  eh   is   a   sinp-le-pole ,    aouhle   throv/ 
aprini-   Ev/itch.      It   automatic  ally   transfers:   the    rectified 
current    from  the    starting-   resistance  to   the    load.      In  charg- 
ing   storage   cells   the   eouiiter     :.'.'. F,   of   resi  tt-iinoe   afforded 
"by  these    cells    is   too    great    to  permit    the    rectifier   to    start 
and   hence   a   smaller   resistance   is    used  u^"  on  T/]_ich   to    start 
the   rectifier. 

STAETIlin    IQAD   AZT>    STAHTIEG   ASODE  RSSieTAUCS. 
These   resistances    are  the   enclosed    card  type    and 
are   morjit  ed   togetlisr   on  the    "back    of  ti.e    panel.      The    one 
serves      as   a   starting-   load  and   the    other   limits   the    current 
in  the    starting  anode,    v/hich  vould    otherwise    be    excessive 
at   the    start   when   the    t".vo   mercury  services  are    brought    into 
contact, 

COIITPOILITJG   RSiiCTj^iTOE. 
The   controlling   reactance    is    connected   in   series    in 
the    A.C.    line    and    is   used  to   regulate  the    A.C.    voltage 
supplied   to   the  tube    and    thereby  regulate   the    L.C.    voltage 
while   the    rectifier  is    in   operation. 

COMEEITSATIIIG    ?J^ACT/lITCS. 
The    compensating    reactcnce   i£    connected  directly 


aci-oss   the    alterna^  ine  current   suppler,    and    i£   aivided   into 
several  steps.      Tlie    leads   from  tLese    steps    are    internallj^ 
coni^eeteii   to  tlie   dial   ST/itcii,    tlnxs    fa.-nitliins  a   con-/enient 
means    of  elianglnf;    the    A.C.    Voltage    end    A.C.    ciorrent   supply 
The   cc;::penEatin:  ■  reaet.vnce   is  used   to  iieke   the    v;  riation 
in  A.C.   voltage   rnd    A.C.    current    supply    in  graded   steps. 
The   controlling    reactance   perforn-.s    a  similar   function  hut 
gives  the   finer  ad  justiuent  . 

AIvii:3TEE  Air"   VOIKSTSK. 
The    amiceter   and   voltmeter  are    of  the    inclined   coil 
type    since  the   rectified  current    is   of  a   piulsatin?;    nature. 


LZTEOrj   Oj    ope?. ATI OE 

Adjust    the    circuit    breol-er   to    the   desired  iDa;-:imiic 
loaa,    usin^:    cure    not    to    adjuct    it    so    at    to   esceed  the    capacity 
of  the    tuhe  ,    and  then  close   it. 

Turn  in  the   A.C.   reactance,    close   the    A.G.   line 
sv;itch,    and  hold   the   spring  switch    in  the    Icw^.r  position. 
Rock  the   tuhe    gently  hy  aeans    of  the   hand -"/heel    connected 
to    the    holder.      This    ";ill  Cc  use   a  mercu'xy   hridge    to   he    forned 
and   "broken   lietvjeen  the    startin;-     anode,    C,    and   the    cathode,    B. 
This    in   turn   vdll  cause    a   ::li£-ht   flash  and   tht    rectifier  will 
start.      A   single    flash  should    be    sufficient   to    start   the   tube, 
but   in  cold   weather   more    may  be    necessaiy.      Tdien  the    hand    is 
removed  from  the    starting    sv/itch,    the   spring  will  throw  the 
su'itch  up,    transferring  the    rectified  current    fi-om  the    start- 
ing resistance  to   the    load.      If  the  voltage    of  the    batteries 
being    ciiarged   is    higher  than  that   of  the    rectifier,    the   tube 
will  go    out   \.dien  the    stai'tin?-    sv.atch  moves  to   the    loai    position. 
The    controlling    reactance    should  then   be    cut    prrtially   out 
and  the  tube    restarted.      In   case  this  will  not    give   the   current, 
the   voltage    should   be    further  increased  by  means    of  the   com- 
pensating   reactance  until  the   desired  current    and    voltage    is 
obtained.      After  the   correct   position  of  the    dial    switch  is 
once  det>:  rmined   it   will   not   be    necessary  to  change    it  again, 
since  the  rerulation  of  the    current   may   be    cbtained  by  the 
controlling  reactance. 

In   starting   up   the    rectifier   on  battery    load,   the 


ham-vvlieel   of  tlie  co-itrollici-"    reactc.nee    slioula   te    turned    to 
the   riglit,   ana    after  the   rectifier   has    stEirted   should   he 
tiii'ned   bach  to   such  position  as   v.ill  give   desired  eliarging 
current.      Ae  the    battery  voltage   rises,    more    reactance  should 
be   cut    out    until  tha  heavy   part    of  the    charge    is    finished. 
The    current   should   then   be    lov/ered  by  turning  the    hand  wheel 
to   the   right   to  give  the    proper    finishing    eiiarge  . 

YiTaen  the    line    voltage    is    comparartively  free   from 
fluctuations,    the    ccmpens  atin?;  react^Jice    should   be   adjusted 
to    give   t  uch  voltage    as   to    re  ijuire    a  minimum  use   of  the 
controlling   reactance.      If  the    line    fluctmitions    are   ei.cessive 
and    cause   the    rectifier  to    go    out    occasionally,    it    is   advis- 
able to    use    the   ffi£,:-.imuir  amount    of  this    reactance;    this   mil 
give   greatly  increased    stability   to  the    rectifier. 

From  General    Electric    Company's   Instruction  Book. 


THEORY. 

It   vdll  now   be   attempted  to    five  a   fcirnjnle    physical 
explanation  of  t;:e    actj  on   of   the  rectifier. 

The   rectifier   consists   broadly  of  a   tie^'cury   vapor 
arc,    enclosed   in  an   exliausted  vessel,      ^'ercury  vanor   hae  a 
very  great   resistance    to   the  passage    of   an  electx-ic    cirrrent. 
For    instance,    if  mercui^^    is    vaporized  by  the    application   of 
heat    and  the    resistance   of   ti:ie    vapor   raeasured,    thit    resn  stance 
will  be    found    to  be    srtremelj-   hig'h   regardless   of  polarity. 
It    is    then    obvious   tiiat  a   very  high  voltage  v/ould   be   necessary 
to   pass  current    bet'veen  two    terininale    placed   in  this  vapor; 
in  fact    ordinary   iTiS  rcur;:   vapor  may  be    cons' dered   practically 
a  noE-oonductor, 

If,    however,    the    mercurj'-   vapor    is    in  some   manner 
ionised,    it    becomes   a  f;'o  od    conductor  but    in  one   direction 
only.      By  ioni^;ing  the    vs.por    is    meant    producin.r.-  an   electro- 
lytic   Ection  by  virtue    of  v.hich   mercury  ions   'will   be    shot 
froir  a  mercury    electrode  used   as    a   cathode.      ^'h.en  a  mercury 

electrode   is   used   as    a  cathode,    ionized  mercury  vapor   is 
liberated,   hence  the    use    in  a    me  rcur;^"   vapor    lamp   of  a  negative 
mercury   electrode,    the   positive   terminrl   beinr   mercury  or 
some    other    suitable    material.      71ien  a  negative  ir^ercury 

electrode      is    in  an  active   state,    :  s,    for    irxtence,   v/hen 
an  arc   is    operating,    only    a  few  volts   are  necessaiy   to 
sustain  the    arc   in  one    direction,    but    the    voltage    m.ust    be 
extremely  high  to    sustain  an  arc   of  reversed   polarity;    then 
tlie    ionized  vapor    is    a  good    conductor    of  current    in   one 
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direction,    but,    -ir::ilar   tc    crdinarj   iccvcarj  vapor,    it    an 
insulator   in  the    op^:o£it6  c.ir..ction. 

This;   action   is    talcen  ac't vantage    of   in  the    mercury 
are   rectifier   viien  t'ne   tv«    cnodes    conneetel   across  the 
terming'. Is    of  the    alternating'   current   line   TDecor_e    alternately 
positive    and  negative.      Vjliile    cither  anode    is    positive, 
there    is    an  are   cariyinp   the  current    hetween   it   and    the 
cathode,    the    cathode  tieiir    negative.      7»lien   the    polarity    of 
the    alterni-tinr    current   line   reverses,    the   arc   passes   from 
the    other   anode  to  the    cathode,    the   cathode   "bein.^-    still 
negative.      Hence,   during.-  the    complete    cycle,    the   cathode 
is   nef©,tive   and    tiie    current    at   this    point  must  he   uni- 
directional . 

It    should    be    noted  that   the   rectifier   is    so    designed 
that   the    entire   alternating'   current    v/ave    is  used.      This,    of 
cc'orse,    means    that    the   rectifier   has   tv/ice  the   efficiency   that 
would   be    obtained   if    only    one -half  of  the    alternating- 
current    v;ave  were  used.      The    use    of  the    entire   alternating 
current  wave    is    clearly  shov.n.    in  the    oscillograph  records 
shov.n    in  Plate   XI,    Figs.   4  and  5.    The    upper    curve    shows   the 
current    in  one    aacde;    the    lower  curve,   the    simultaneous 
current    in  the    other   anode. 

If  it  were   possible    to  maintain  the   are    in  a    sinrle- 
phase  rectifier   with  out    auxiliary   apj^aratus ,    the    above  dis- 
cussion indicates   that   the    resulting'   direct -cur  rent  'wave 
would    be   a   pulsating   wave    of   the    same   characteristics   as 
the    alternating- current   wave    f pom  v." Mela   it   v/as  derived, 
escept   that  the  current   would   vary   from   zero  to   a   positive 
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maximmp,    tiie    negative   v;sve  liaYins-   "been  reversed    to    that    3-t 
apv.ears    ae    positive   to    tlie    zero   line.      Such  a  method   of 
operation   Iz    ifiipos;.;i"ble ,    because    although   the    current    is    at 
zero  for  an  infinit  esimally  tliort    time,    yet   this    interval    of 
time    i.^:    Lufficient    for  the    cathode  to   lose    its    ei-'citation 
and    the   arc  to   go    out.      Eo  matter  hoi.   high  a    frequency'    is 
used,   the   arc  vidll  go    out    at  the    2ero   value    of  the  T/ave  . 

Sy  means   of  suitable    reactances,   the   current    is 
held   over  the    zero   value    t^nd    the    pulsations    are    smoothed 
out,    the    current    of  the    cathode   te  coming:'   not    only  uni-di- 
rectional,   hut    a  true   direct    current  v.ith   pulsations    of 
small  emplitude. 

The  resultin.-'  direct  current  is  shown  in  Plate  Z.TII . 
v/hich  is  the  result  of  simper  imposing;  the  tvvO  curves  sho^m  in 
Plate   ZX,    Figs.   4   end  5.      The    action  of  tte    retictance    caa 

he  seen  from  Plate  IX,    Figs.  4    and    5,   by  carefully   ob- 
serving:  that  the   wave   thape    is   evidently  no   longer    a   sine   vsve, 
but    that  diirin;     its    operation  the    reactajaee    Is    snistaining'  the 
current    at  a    higher   value    than   it    rja.tuf  allj'  would   be;    also 
that  the   cuxrent    curves   in  each   anode   overlap   by  an  angle    of 
about    £0   degrees,    thus    elim-inating'  the    zero   points   i^reviously 
mentioned. 

The    cathode   is   then   one    terminal    of  the    direct- 
current    circuit.      The   junction  between  t\7c   reactance    colls, 
such    a;    referred  to    above,    connected  bet>,een  the    anodes, 
furnished  the    othe  r  t  erminal,    io  that    any   instant    the    circuit 
from  the    alt ernatin,g-cvj: rent    line    is    composed  of   a  rectifier 
arc,    the   load    and    one    of  the    reactance    coils.      The    other  coil 


IE 


is   at  the    scruc   time    discliarririg-   the    energy  stored  up   during 
the   previous   half  Vvave,   at  vvhich  time    it  vvas    in  the    line 
circuit  . 

Tiie    initial    ionisation  of  the    mercury   vapor    is 
aeconipliehed   hy   a  small   starting   anode,    C    (see   Plate   5,    ['"'Ig  .    2) 
which    it:   "brought    into    contact  v/ith  the    cathode   "by  a   mercury 
l-ridgc    formed  hy    a   elight    shake    of  the    tube  .      The    breaking 
of  thif   mer-eurj'-   bridge    starts   a    fniall   initial  are.   and  the 
arc  thu£:    obtained   excites  the    cathode,    giving  the    necessary 
ionized   vapor,    which   enables    the    v. orkin-   anodes   tc    become 
immediately   active    and    the  tube   to  start. 

A  detailed    idea   of  the    ope  ratio  ii  of  the    me   euiy   arc 
rectifier   circuit  nB,y   be    obtained   from  Plate    5,    Pig.    2. 
Assumie   an    ins  t&jit    when   the   termine.l,    H,    of  the    supply   trans- 
former  is    positive,    tlje    anode    A  is   then  positive,    £'nd   the    ai-c 
is    free  to  flow  betv.et-n   A  end    3,    B  being   the    me  i-cury  cathode. 
Following    the    directions    of  the    arrov/s,   without   the    circles 
still  further,    the    current    passes  throuf-h  the    lead    J,    through 
the   reactance   coil  T:  and  back   to   the    negative    terminal    G  on 
the    trsaisformer .      A  little    later,   when  the    impressed  JAL^.F. 
falls   below   a   value    sufficient   to   me-intain  the    arc   agrinrt  the 
counter   S...I.F.    of   the   are  and   load,    the   reactance   E,   which 
heretofore   li^r-s    been  chargins-,    now  discharges,   the    discharge 
current    being    in  the    same   cirection  as   formerly.      This    serves 
to    maintain  fee   arc    in  the    rectifLer   until  the    E.IAF.    of  the 
supply  hffis    passed  through    zero,    reverses  and   builds    up   to    such 
a  valiie   as    to    cause    A'    to    have    a  sufficiently  positive    value 
$0   start    £03-  arc   between    it    and   the    mercuiy    cathode    B.      The 
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discharge    circuit    of  the  reactence    coil    a   is;   new  tliroix;- h  the 
f.r.-   :..'3,    iPX-teaJ   oi    tlir'Oii:h    its  forner   circuit.      Conse-^ueritly 
the   arc   A'B  is    nov,    supjlied   v.lth   current,    partly   froru  the 
trarsfom-er  ^nd  partly  from  the  reactsnce    coil  E.      The  ne^ 
circuit    fron  the  transformer   is    indicated  "by   the    arrows 
enclosed   in  circleB. 

The    eharg-e    rnd    discharge    voltage    of   one   reactrnce    coil 
is    clearly  shor,n   in  Plate   XZ,    Fig.    3     By  adjusting  the    caount 
of  reactance  inserted   in  the    circuit  the    pulsations    of  the 
direct  current    can   he   nadc   suit  all  e  for  eoniixercia  1  purposes. 

Tnen    it    is    advisaTjle   to    reduce    still  further  the 
amplitude   of    the  pulsations,    it    icay    te    accoEplislie  d  "by  Eieans 
of    the   re  act  £  noes. 
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Tiie   oljject    of  tLe    exj.::eri:a6ntal   part    of  this   tliesis 
is   the    Ljtudy   of  the  action,    o_^;'c  -at ion,    characteri.  tioe   anii 
a  visual    study   of   Z,l'.'s*\,    current    wave   forms   an-    vector 
relations    in  various    circuits   of  the    mercury    are   rectifier 
by  neans    of  the    oscillograph.      The   100   volt,    £0   cmi^ere,    ').C. 
220  volt   A.C.    60   cycle  inercui-y  arc   rectifier  nuuTjer  -xVifYB 
nu-nufactured  by   the   fT.;neral  Electric    Cor-ipany  rat    used. 

Tne    :..[.;. J.   v/as    generates   ctllOO   volts   .nu    trans- 
formed to    220   or,    if   desired,    to   110  by  irerely  changing   the 
connections    at   the    tran;.  fo  oaer .      The    schens    for   jneasureirient  s 
on  both  the    alternatin     :  nd   direct  current    sides   of  the 
rectifier  are   shovm   in  Plate  YI.      TJie    fbllowinfc   instruments 
were    used;    on  the    >.lternf.t  in^    current    '-ide   a  voltmete^-, 
ammeter,    frei^uency  L.eter  and  wattmeter.      On  the    'iirect 
current    side    the^'e  was   a   direct   current  ammeter    and   voltmeter, 
an  altfc.-.n£itinf:    current    ammeter  end    voltmeter  eaad    a 
T.attmeter.      By  means    of    a   double    pole  double   throv;    sv/itch 
the    A.C.   voltmeter  vvc-s   used   to   measui'e  the    ';.:  .F,    imipressed 
at    the    anodes    of  the    rectifier   tube  . 

Since  the    rectified   "^J.L'.F.    is    pulsating   reaiilngs 
vj-ere   talcen  on  both  the    alternating  and    direct    current 
voltmeters    in   order   to    determine    the    relation   of   t  lie 
effective   and   average    of  this    ".I'.F.    from  minimuji:  to  full 
load . 

All  the   lead  characteristics    such  regulation, 
efficiency,    apparent    efficiency  and   power   factor   were 
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determined  'b-j  varyiiir   the    loai  throuriiout   tlie    limits   of  the 
tube    and    tailing'   reading c    of  £  Itei'natin;.     eui*rent    volts,    cm.- 
i:'eres,   T/atts   and   i-^irect   current    voltB,    CBperes  and  v/attB . 
-hese   characteristics  v/e  re    found    for   varyin;,    ccn't.lt  "i  ons 
of  inipresced   E.L'.P,,    such  as   "..'ave    forn:   and    fce^uency,    also 
v.'ith    incandescent    lamps,    are   laups   and  motor    loads. 

In  order   to    detexijine     fciie    alternr  tin;    end    direct 
current    voltage    r<:.lations    of  the    rectifier    tuhe    the    line 
Vi-as    adjusted   to   2£0   volts   and   the    coLipensatinp'   reactance 
connected   J-6  ,   Id-1£   \vlth  the   difl   STtltch  on  1  and    7   as 
ea:plained   in  Plate   IV.      Readings  v.ere   taJcen   of   A.C.   and 
D.    C.   watts    end    volts  vath   a  oonstcait    load   and  tlie    dial 
sv/itch    at    1-7,    2-8,    .6-9,    4-10,    5-11,    6-lg.      The    line 
connections    to    the   reactcnce   were    changed  to    J-1,    ri-7   and 
en.other    series    of   readinf^  s   ta'ren.      This    slves  the    lcv;est 
voltage   v.lth  an   iiupressed   E.Y.F.    of   220,    so   the    line 
vv'as    connected  to   rive   110   volts   and    the    eoiii  pen  sating 
reactance   laclc  to    J-6.    H-12,   and   the    sanie    operation  re- 
peated until  the   miniiuui:.  voltage    of   the    rectifier  vras 
reached.      "Vith  110  volts    A.C.    the    '^-^C.    range    is    f -oni  15 
to    14  0  volts,   and   vdth   220  volts  A.C.    the    r;_;nge    ie    frora 
45  to   115   volts.      These  voltage   cornpariE  ons   ^;7ere    insd-e  for 
different    locids,  wave   forms    and    frequency.      The    efficiency 
v/as    calculated    for  all  con  ections    of   the   compensating 
reactance,    sh.ov,ln^'   the    most    economical   point    of  operation. 

Plate   ZXIV   shows    the    connection   for   measurin--  the 
drop   over   various    parts   and   the    current   in  all  circuits    of 
the    recti  fier . 


TABIS   I. 
w'estingliOU!:  e   Altern;:tor  .  Pe aired   ;;ave  . 

iLipreseed  Voltag-e-SCO  .  FreLiuency-60   eyclee. 


x.ppare 

nt 

Pov;er 

Edc 

Idc 

lac 

'''dc 

^ac 

Efficieney 

Effiei 

ency 

Facto 

99.70 

£1.55 

1-=  .55 

1525 

£650 

57.50 

■=6.00 

.840 

9^.70 

£0.80 

1£  .75 

1590 

2500 

55.60 

46.00 

.826 

100.75 

19.35 

i:,:.35 

1590 

2440 

57.00 

-.7.50 

.850 

10::.75 

IS. 00 

11.75 

1500 

2200 

59.09 

49.15 

.851 

104.75 

16.00 

10.20 

iroo 

1950 

61.50 

55.50 

.869 

106.75 

13.u^5 

9.25 

1125 

1700 

6d  .18 

55.45 

.855 

110.76 

11.85 

7.75 

1075 

1470 

75.10 

55.00 

.860 

111:. 75 

9.90 

5.75 

910 

1£00 

75.85 

61.50 

.810 

115.75 

8.15 

5.20 

700 

950 

75.60 

61.10 

.850 

1£1.75 

6. £5 

-.00 

400 

700 

57.20 

45.50 

.875 

For    5."bove   test    eonnection  of   eompen:  atinf   recctance    vvas 
J   to   6,    and   H  to    1£.      Dial   switch  v/as    placed   on  1  and    7. 


T/iBLE    II. 

Wood 

Alterni 

tor. 

Peaked  T^, 

?ave . 

Imp  re 

3£ea   Yo 

lta-e-2 

20. 

Freiiuency- 

•120   c;c 

les. 

Edc 

Idc 

^ae 

'"do 

^ac 

Efficie 

nc 

.'i.pparent 
^Effieieney 

Power 
Factor 

96.0 

21.60 

U  .10 

1900 

2540 

74.9 

61.2 

.820 

96.5 

19.85 

12.  .70 

1750 

2240 

74.8 

62.6 

.838 

101.5 

18.00 

11.30 

1600 

2100 

76.2 

64.4 

.845 

162.5 

16.00 

10.10 

1440 

1840 

78.3 

64.9 

.828 

104.5 

15.66 

8.75 

lo25 

1600 

e^-.9 

68  .9 

.830 

107.5 

11.86 

7.50 

1140 

i:iGO 

S3. 9 

69.0 

.825 

110.5 

9.90 

5.90 

960 

1100 

87.2 

74.0 

.848 

11£.5 

8.16 

4.50 

750 

880 

85.2 

75.8 

.890 

117.5 

6.25 

S.30 

500 

600 

83.4 

63.1 

.825 

For   alDove    test    conriection   oi    corcpensating  reactance 
J  to  D  ,    and    II  to   12.      Dial    s^itcli   ^vae.    placed   on   1-7. 


TASi: 

Z   III. 

Rotary 

Converter 

« 

ine 

Wave  . 

Iinpr  e  s  £ 

ed   Voltag( 

3-?20. 

Free 

uency-SO   cycles. 

Apparent 

Power 

^Ic 

^dc 

h.o 

■^dc 

^ac 

Efficiency 

Sfiieienc 

;y  Factor 

132 

21.65 

17.00 

£550 

3300 

77.3 

68.00 

.883 

133 

19.85 

15.00 

2370 

2940 

60.6 

71.90 

.891 

130 

18.00 

13.50 

2190 

2700 

81.1 

VS. 75 

.910 

136 

16.00 

11,65 

1950 

2340 

« 

83.5 

76.00 

.915 

139 

15.65 

10.00 

1675 

206  0 

SI. 4 

76.10 

.937 

141 

11.85 

8.55 

1390 

1700 

SI. 9 

73.00 

.894 

14  £ 

9.90 

6  .75 

1050 

1340 

78.5 

70.80 

.904 

144 

8.15 

5.00 

750 

1000 

75.0 

58.10 

.910 

146 

O.E5 

..60 

470 

700 

67.10 

59.40 

.684 

For   al:)oye   test   connection   of  compensating    reactance 
was   J  to    6 ,    and  H  to   1:  .      Dial    switch  v.  as   placed   on  1  rnd    7. 


T/iBIE 

IV. 

Holt 

aer-Catat   Set . 

Sine 

^■^Gve  . 

Impres;-'ed   V 

oltt^ge- 

220. 

Freq- 

aency-50 

cycles . 

Sdc 

Idc 

lac 

^^de 

^ac 

Apparent 
Efficiency 

Efficiency 

Power 
:^actor 

122 

:a.6£) 

K.90 

23  40 

3000 

78.0 

71.5 

.915 

124 

19  .85 

13  ,10 

2140 

2700 

79.3 

7.;  .4 

.936 

128 

18.00 

11.70 

2010 

2400 

83.9 

78.0 

.933 

12S 

16.00 

10.20 

1810 

1:160 

^'x.O 

80.6 

.962 

ISO 

13.65 

9.20 

1590 

1880 

84.6 

78.5 

.930 

132 

11.85 

7.75 

13  00 

1540 

84.5 

76  .3 

.9  04 

132 

9.90 

6.30 

1050 

1260 

83.4 

75.8 

.910 

1S5.6 

8.15 

5.00 

820 

1000 

82.0 

74.5 

.910 

139 

6.25 

3.60 

500 

660 

75.9 

6^.0 

.834 

For    above   test    connection   of   compenFjatinr-   reactance 
was  J   to    6,    and  H  to    12.      Di;.l.    sv/it  ch.   wa;:    placed   on  1  and    7, 


WestingliouEe    Alternator.  Peaked   Aave. 

Impressed   Volt  a; 'e -110  Frequency -6  0  eye  lei 


Sdc 

^dc 

-ae 

^dc 

"ae 

Efficie 

Apparent 
ney 

Efficiency 

Power 
Factor 

36.0 

£1.65 

13.75 

5£5 

1200 

45.75 

54.74 

.794 

S6.0 

19.85 

l::  .50 

5  £5 

1120 

46.85 

58  .20 

.815 

57. 0 

18.00 

11.20 

526 

100  0 

52.50 

42.60 

.812 

58.0 

16.00 

9.75 

52  5 

860 

61.05 

49.00 

.801 

40.0 

15.65 

8.50 

500 

740 

&7.50 

5£.50 

.792 

41.5 

11.85 

7.25 

450 

650 

69.25 

56  .50 

.815 

43.5 

9.90 

6.00 

350 

550 

56.00 

53.00 

.803 

45.0 

8.15 

--.50 

250 

400 

62.50 

50.05 

.809 

4o.4 

6.25 

5.60 

175 

500 

58.35 

44.20 

.757 

For   above  test   connection   of  coiupens    tln,!^  reactance 
was   J  to    6,    and   H  to    1£  .      Dit-1   switch  was   placed   on   1  and    1 . 


TABLE   VI. 
Wood  Alternator  Peaked  V/ave  . 

Impressed   Volt  age -110.  Frequency-120   cycles. 


Apparent 

Po7;er 

^dc 

Idc 

^ac 

'^dc 

\e 

Efriciency 

Efiieieney 

Factor 

SI.  5 

21.65 

13.50 

700 

1100 

63.60 

47.1 

.740 

S3. 5 

19.85 

ir.20 

650 

1040 

6  2.60 

48.5 

.775 

34.5 

18.00 

11.15 

580 

940 

61.70 

47.3 

.766 

37.5 

16.00 

9.50 

550 

800 

68.75 

52.6 

.765 

39.5 

13.66 

8.25 

460 

700 

65.70 

50.7 

.770 

40.9 

11. So 

7.25 

430 

600 

71.70 

54.0 

.752 

42.0 

9.90 

5.85 

340 

480 

70.80 

52.8 

.746 

42.0 

8.15 

4.50 

220 

360 

51.10 

44.5 

.727 

45.0 

6.25 

3.60 

150 

300 

50.00 

37.9 

.758 

i'or   aLove   test   connection   of  eompens:  tinf    reactance 
v/as    J  to    6,    and   H  to    12.      Dial    switch    r/as   placed   on   1  and    7. 


TAiiLE   YII. 

Rotary  Converter 

Sine 

77a  ve 

Impr 

essed   voltage- 

-110. 

Frequency-SO 

oyc 

les 

%c 

Idc 

lac 

^dc 

'ac 

Efficiency 

Apparei 
EffiGif 

It 

Power 
r     Factor 

51.5 

£1.65 

15.00 

1020 

14-6  0 

69.9 

61.8 

.885 

5£.0 

15.85 

1£:.25 

960 

1Z40 

71.6 

65.9 

.920 

5^.5 

18.00 

11.  SO 

890 

1200 

74.1 

68.5 

.924 

56.1 

lo.OO 

10.5^0 

800 

1080 

74.1 

70.6 

.954 

57.5 

15.65 

9.E0 

700 

940 

74.5 

69.2 

.930 

58.5 

11.85 

7.50 

570 

740 

77,0 

69.0 

.896 

59.5 

9.90 

6.50 

450 

640 

70.4 

63.0 

.895 

61.5 

8.15 

5.r,o 

550 

500 

70.0 

61.1 

.875 

65.0 

6:25 

5.60 

2S0 

360 

64.0 

58.0 

.910 

Foi'   aliove   test    connection   of  compensatinp'    recctance 
^va£    J   to    6,   and    R  to    12.      Dial    sv/it  ch   Vvat    plsced   on   1  and    7. 


TiLBLE   YIII. 
Eolt  zer-OaLot    Set .  Sine    iVave  . 

Impressevl   Yolt  tige-110 .  Frequeney-60   cycles. 


Sde 

Idc 

lac 

^dc 

"^'ac 

iip  parent 
Efficiency 

Efficiene7y 

Pov/er 
Factor 

93.0 

21.65 

14.00 

870 

1540 

65.00             56.5 

.870 

95.0 

IS  .85 

12.50 

810 

1220 

66.40             59.0 

.837 

98.0 

18.00 

11.50 

7SC 

1140 

53.30             65.5 

.918 

102.0 

16.00 

£.80 

710 

1000 

71.00             65.9 

.928 

104.2 

15.65 

8.75 

600 

860 

69.75             62.4 

.894 

106.0 

11.85 

7.25 

500 

700 

71.50              62.7 

,878 

110.0 

9.^0 

6.00 

440 

600 

75.50              66.0 

.910 

11S.0 

8.15 

4.50 

540 

480 

71.00              68.7 

.900 

116.0 

6.25 

5.60 

250 

560, 

64.00             58.0 

.910 

For    cilove   test    connection  of  compensatinr-  reactance 
wap    J   to   6,    and   H  to    1£  .      Dial    switch  v>  a^;    placed   on   1  ond    7. 


TABLi:   I?-. 
'Vestins-iiouEe  xilterrjator . 

Impressed   Volt£G'e-r.'20 . 


Freqaencj-oO    cycles. 
Lrotor    Load. 


Apparent    Power 

Sdc 

Ide 

lac 

^^'dc 

"'ac 

Efficiency 

-Efficiency   Taetor 

111.0  10.40      6.60 

110. o  10.76      7.25 

108.0  11.70      7.80 

107.0  12.75      9.25 

106.5  16.00    11.00 

106.5  17.00    12.00 

105.5  20.00    12.50 

104.5  21.75    14.80 

105.0  22.75    16  .20 


1000 

1280 

78.0 

1050 

1540 

78  .5 

1100 

1440 

76.4 

1270 

1700 

74.6 

1500 

2000 

75.0 

1d90 

2240 

75.4 

1880 

2500 

75.1 

2050 

2760 

74.2 

22S0 

3000 

74.4 

66.9 
65.9 
64.1 
62.4 
52.0 
64.0 
62.2 
62.0 
62.2 


.855 
.840 
.840 
.825 
.826 
,848 
.841 
.848 
.837 


Starting   current,    no   Icai   is   -^5   ai.peres. 
Running    current,    no   lead   is    10  amperes. 

For  the    above    test   the    connection   of   compensating   reactance 
was    J  to  6,    and   H  to    12.      Dial   switch  v.  as    placed   on  1  and   7. 


WestinfLoizs  e   Altei'nator.  Freq-aency-60  cycles. 

Irajressej.  Volt  age-.'^'SO  .  Aro   LoEip   lead. 

110  Volt    Lamps  . 


App.  ITo.    of 

3<ic  I.c  lac  ^dc  "^ac     ^ff.        Sff.        P.F.  Lanips 


101.0  E2.oO  lo .10  2200  2920  75.^ 

105.5  18.00  12.50  1750  2S00  76.0 

107.0  IE. 75  8.75  1250  luOO  78.0 

11^.5  7.25  4.S5  650  800  81,0 


For   tiift    c-bove   t  ust    connection   oi?   eompfcnEating'   reactance 
T;a£,    J  to    6  ,    tnd   H  to    12.      Dial    sv/itch  v/as    placed   on  1  and    7. 


62.1 

.825 

1 

52.7 

.837 

2 

65.0 

.SCO 

Z 

67. S 

.855 

4 

TAB! 3  XI. 

Voltage    Cli£.raGtcri£tiG  ,  Frequeney-60  cycles 

\Vestin^-liou£,e    /alternator.  Peaked   V.ave. 

Pull   load. 


line 

Edc 

-^^ac 

-de 

Wac 

Eff. 

Corapensatins- 
Reactaoic  e 

Dial 
Sv.lt  ell 

220 

98 

525 

2000 

2640 

75.7 

J-5  ,  Ii-12 

1-7 

E£0 

91 

304 

1825 

2500 

73.0 

2-8 

££0 

84 

284 

1750 

2350 

7- .5 

S-9 

220 

75 

261 

1650 

2160 

76.4 

4-10 

220 

70 

240 

1600 

2000 

75.0 

5-11 

220 

62 

217 

li.  75 

1840 

69.4 

6-12 

220 

57 

22S 

12  25 

1700 

72.0 

J-1,  H-7 

1-7 

220 

52 

207 

1100 

1600 

68.9 

2-S 

220 

47 

19  S 

1000 

1500 

66.5 

3-9 

220 

42 

175 

960 

1400 

68.5 

4-10 

220 

42 

165 

900 

1280 

70.4 

5-11 

220 

36 

150 

750 

1200 

62.5 

6-12 

110 

So 

151 

730 

1160 

63.0 

J— 6  ,  1^-12 

1-7 

TABLE  XII. 
Toltage   Cliaracterietic.  Frequencj -60  cycles, 

T7estinrliou£, e   Alternator.  PBaked  Wave. 

Txiree-q.uarter    load. 


Compensstinii^  Dial 

Line  Sde  Sac  ^^^o        ^^ac     Sff.  Reactance  Switch 


2£0  102  3E5  14  50  2060  70.5  J-6 ,    H-li:                      1-V 

220  95  303  1440  19C0  75.9  2-8 

220  88  283  1300  1820  71.5  .                                   3-9 

220  80  262  1160  1680  69.0  4-10 

220  73  258  1100  1540  71.5  5-11 

220  54  216  1100  1400  78.5  6-12 

220  65.5  226  1030  1300  79.2  J-1,    H-7                       1-7 

220  59.5  210  925  1240  74.5  2-8 

220  55.0  195  875  1160  75.5  3-9 

220  49.5  181  740  1080  68.5  4-10 

£E0  45.  166  600  1000  60.0  5-11 

E20  39  150  445  900  49.4  6-12 

110  35.5  160  450  930  50.0  J-6 ,    H-12                     1-7 

110  34.  151.5      400  800  50.0  2-8 

110  30.5  141  400  760  52.6  3-9 

110  27.0  131  350  700  50.0  4-10 

110  23.5  119  300  640  46.9  5-11 

110  20.0  109  280  600  46.6  6-15 


TABI3   XIII. 
Yoltage    Charaeteristlc  .  Frequency-60  cycles. 

Westin  liouse   Alternator.  Pealsed   Tave  . 

One    Half  Iioad. 


Compensating  Dial 

line        E,^Q  E^^^  Vi^^  u^^      Eff.  HeactEnce  Sv;itch 

J~6,    H-12  1-7 


220 

108 

323 

1200 

1420 

84.5 

220 

100 

302 

1100 

1320 

83.3 

220 

9£.5 

280 

950 

1280 

74.4 

220 

82.0 

£56 

900 

12  00 

75.0 

220 

76.0 

235 

850 

1100 

77.3 

220 

73. 0 

217 

740 

1004 

73.7 

£20 

68.5 

225 

650 

900 

72.2 

220 

62.6 

209 

630 

860 

75.2 

220 

57, 

194 

550 

800 

68,7 

220 

51.5 

179 

500 

700 

71.4 

220 

46. 

163 

450 

640 

70.5 

£20 

40.5 

148 

430 

6  00 

71.6 

220 

40.5 

162 

450 

600 

75.0 

220 

37. 

145 

380 

550 

68.0 

220 

'  33. 

143 

350 

500 

70.0 

220 

30. 

132 

330 

480 

68.7 

220 

26. 

121 

£70 

440 

61.4 

220 

22. 

109.5 

240 

400 

60.0 

220 

20.5 

111. 

200 

360 

55.5 

220 

16. 

103 

200 

320 

52.5 

220 

15. 

96 

190 

300 

63.4 

220 

10. 

88 

150 

280 

53.6 

220 

2. 

81.5 

150 

280 

53.5 

J-1,     T;I-7 


H-l£ 


J-1. 


4- 

-10) 

5- 

-11 

6- 

-12 

1- 

-7 

2- 

-8 

3- 

-9 

4- 

-10 

5-11 

6- 

-12 

1- 

-7 

2- 

-8 

3-9 

4-10 

5-11 

5- 

-12 

1- 

-7 

2- 

-8 

3- 
4- 
5- 

-10 
-11 
-12 

TABIE 

XI7. 

Yolt  age 

Charac 

iteristie. 

Frequencj^- 

•60 

cycles. 

Westinr' 

house    1 

ilternat 

or. 

Peafced    j'ave  . 

One-c 

■  uarter 

Lead 

Compensatin.-- 

Dial 

Line 

%c 

S.c 

^  de 

^ac 

Efi. 

Re  a 

■  QtETiCe 

Swit  ch 

£E0 

118 

315 

660 

800 

82.5 

J-.6, 

H- 

-12 

1-7 

220 

109 

295 

550 

740 

74.4 

2-8 

220 

101 

273 

550 

680 

81.0 

3-9 

220 

92 

^52 

480 

640 

75.0 

4-10 

220 

85 

230 

450 

600 

75.0 

5-11 

220 

74 

£08 

360 

540 

66.7 

6-12 

220 

71 

218 

350 

480 

73.0 

J-1, 

?:■ 

-7 

1-7 

220 

66 

205 

330 

420 

78.5 

2-8 

220 

60.5 

191 

290 

400 

72.5 

3-9 

220 

56. 

176 

260 

360 

72.2 

4-10 

220 

49 

160 

250 

320 

78.1 

5-11 

220 

48.5 

14  6 

210 

300 

70.0 

6-12 

110 

44.5 

162 

170 

300 

56.6 

J-6, 

E-12 

1-7 

110 

41.0 

152 

150 

260 

57.7 

2-8 

110 

37.0 

141 

140 

240 

58.3 

3-9 

110 

52.5 

131 

130 

240 

54.1 

4-10 

no 

28. 

119 

80 

200 

40.0 

5-11 

no 

2S. 

126 

120 

200 

60.0 

5-12 

110 

21.5 

110 

90 

200 

45.0 

J-1, 

H- 

-7 

1-7 

no 

18 

103 

60 

160 

37.5 

2-8 

no 

16 

96 

50 

140 

35.7 

3-9 

no 

12 

87 

50 

1,C0 

41.6 

4-10 

no 

5 

79 

50 

100 

50.0 

5-11 

no 

- 

73.5 

50 

100 

50.0 

6-12 

Voltage    Characteristic.  Frequency -12  0  cycles 

^ood    Generator.  Pecked  ^.Tave  . 

Full   Lead. 


Line 

Sdc 

Sac 

^''dc 

■'-ac 

Compensatinr 
aeaetanc  e 

Bial 
Sv'it  ch 

£20 

98.5 

325 

1750 

2300 

J-6, 

H-12 

1-7 

220 

91.5 

305 

16  00 

2160 

C-8 

£20 

84.5 

284 

1540 

2060 

3-9 

220 

76.5 

261.5 

13  70 

1900 

4-10 

220 

69  .5 

233. 0 

1250 

1760 

5-11 

220 

61.5 

217 

1120 

1600 

6-12 

2£0 

65.0 

2  23 

117  0 

15  40 

J-1, 

H-? 

1-7 

220 

60.0 

:rio 

1G70 

14  60 

2-8 

220 

54.5 

195 

990 

1360 

3—9 

220 

47.5 

179 

900 

12  60 

4-10 

220 

42.0 

164.5 

770 

1140 

5-11 

220 

27. 5 

149 

670 

1080 

6-12 

110 

53.5 

161 

54  0 

100  6 

J-6, 

,    E-12 

1-7 

110 

30.5 

148 

.490 

1000 

2-8 

110 

27.5 

139 

450 

900 

3-9 

110 

24.5 

130 

430 

840 

4-10 

110 

21.5 

119 

370 

800 

5-11 

110 

18.5 

108.5 

350 

700 

6-12 

TABi::  aVT 


Yolta^e    Characteristic .  Frcquen^-120   cycles 

wood    Generator.  leaked  TJave  . 

Cne    li^lf  Losd. 


Line 

Edc 

^ac 

■'•dc 

( 

^ompeneatin- 
Eeactance 

Dial 

Sv/it  cli 

220 

107 

322 

1060 

1120 

J-6  . 

Z-12 

1-7 

220 

100 

500 

960 

lOSO 

2-8 

220 

92 

280 

890 

1000 

3-9 

220 

8S 

257.5 

S50 

940 

4-10 

220 

75 

2  38 

750 

880 

5-11 

220 

67 

212 

54  0 

680 

6-12 

220 

70 

22£ 

670 

700 

J-1. 

:i-7 

1-7 

220 

6S 

202 

640 

640 

2-8 

220 

58 

191 

540 

600 

3-9 

220 

52 

178 

500 

560 

4-10 

220 

46 

165 

450 

500 

5-11 

220 

40 

146 

360 

460 

5-12 

110 

40 

155 

500 

480 

J-6, 

K-12 

1-7 

110 

37 

155 

260 

440 

E-8 

110 

34 

142 

240 

400 

3-9 

110 

50 

13^- 

200 

360 

4-10 

110 

25 

119 

150 

520 

5-11 

110 

22 

108 

140 

300 

6-12 

110 

20 

111 

200 

300 

J-1, 

H-7 

1-7 

110 

18 

103 

160 

260 

2-8 

110 

15 

96 

14  0 

240 

5-9 

110 

10 

8G.5 

130 

200 

4-10 

110 

5 

80.5 

100 

200 

5-11 

110 

_ 

72.5 

90 

200 

6-12 

TABLE   ZTII. 


Voltae-c 

;    Clicractei'-iE  tic  . 
Converter  . 

Full   Lea 

d. 

Frequency- 
Sine    .,ave  . 

-30 

cycles. 

Line 

3dG 

-ac 

^dc 

^ac 

CompenE;  r_tin_^ 
Heactance 

Dial 

Sv;it  ch 

220 

117 

284 

2150 

2660 

J- 

-6, 

-12 

1-7 

220 

109 

264 

1975 

2500 

2-8 

E20 

102 

246 

1800 

2300 

3-9 

E£0 

92 

224 

1650 

2160 

4-10 

220 

83 

206 

1540 

2000 

5-11 

22.0 

75 

186 

13  50 

1600 

6-12 

E20 

81 

SIS 

1500 

1900 

J. 

-1. 

.    H- 

-7 

1-7 

220 

76 

199 

1400 

ISOO 

2-8 

220 

70 

182 

1360 

1600 

3-9 

220 

62 

168 

1200 

1520 

4-10 

220 

55 

152 

1070 

1420 

5-11 

220 

48 

119 

970 

1300 

6-12 

110 

52 

159 

910 

1360 

J- 

-6  , 

.    H- 

-12 

1-7 

110 

48. 

,5 

150 

850 

1280 

2-8 

110 

45. 

.0 

158 

770 

1200 

3-9 

110 

41. 

.0 

130 

750 

1120 

4-10 

110 

S6  . 

,0 

lis 

670 

1040 

5-11 

110 

22 , 

.0 

106.5 

630 

920 

6-12 

110 

25. 

.0 

1C0.5 

490 

800 

J- 

-1. 

.    H-7 

1-7 

no 

22. 

,0 

92. 

440 

700 

2-8 

TABLE   XYIII. 

Voltage   Characteristic.  Frequency -30  cycle! 

Rotaiy    ConArerter  .  Sine    ..-ave  . 

One    ilalf   Loau. 


CoiEpe  liL  r  ti  n  Dial 

Line  ide  3ac  ■  '^^dc  "'ac  Reactance  'fwitch 


J -6.     rl-li 


220 

141 

304 

1140 

1400 

220 

130 

r,86 

1040 

1500 

220 

120 

264 

9Z0 

1240 

£20 

111 

246 

860 

116  0 

220 

101 

226 

790 

1080 

220 

91 

203 

750 

1000 

220 

87 

208 

760 

900 

220 

80 

195.5 

670 

840 

220 

74 

1C1.2 

650 

800 

220 

66 

155.0 

660 

700 

220 

68 

1-8.5 

520 

660 

220 

52 

134  .0 

470 

600 

110 

58 

156.0 

450 

600 

110 

54 

147.0 

450 

560 

110 

49.6 

136.0 

440 

520 

110 

46 

127.0 

370 

500 

110 

40 

117.5 

350 

420 

110 

35.6 

106.0 

300 

40Q 

110 

32 

107.0 

250 

400 

110 

29 

99.6 

250 

340 

110 

25 

92.5 

230 

300 

110 

22 

85/0 

160 

280 

110 

18 

76.0 

150 

260 

110 

15 

68.8 

150 

240 

J-1,    ii-7 


1- 

-7 

2- 

-8 

o- 

-9 

4- 

-10 

5- 

-11 

6- 

-12 

1- 

-7 

C-.  _ 

-8 

3- 

-9 

4- 

-10 

5-11 

6- 

-12 

1- 

-7 

J -6.     .hi-l£ 


4-10 
5-11 
6-12 
J-l.Ji-7  1-7 

2-8 
S-9 
4-10 
5-11 
6-12 


:a3Ii  xrx. 


Voltagi 

e    Ch.r.ractGri£. t 
b'JTLl 

ie. 

Fre  LOienc;;/    -60  cycis 
3ine    :7a ve  . 

line 

-  dc 

^ac 

■'ic 

'■    ac 

Cocipe  ri£ating 
Reactance" 

Dial 

SV/it  Gil 

220 

124 

218 

£19  0 

2760 

J- 

-6, 

h>l£ 

1-7 

220 

115 

£96 

2000 

2580 

2-8 

£E0 

106 

277 

2810 

2900 

3-9 

220 

99 

254 

16  50 

2240 

4-10 

220 

90 

223 

1550 

2100 

5-11 

220 

80 

212 

15  50 

19  00 

6-12 

220 

76 

217 

1130 

1800 

J- 

-1. 

H-12 

1-7 

220 

70 

201 

1140 

1700 

2-8 

220 

64 

184 

1130 

1540 

3-9 

220 

55 

170 

1150 

1460 

4-10 

220 

50 

155 

940 

1300 

5-11 

r20 

44 

139 

850 

124  0 

6-12 

110 

47 

163 

770 

1240 

J -6. 

H-12 

1-7 

no 

44 

155 

770 

1150 

2-8 

no 

40.5 

142 

740 

IICO 

3-9 

no 

36 

131 

670 

1040 

4-10 

no 

2S 

120 

650 

960 

5-11 

no 

28 

109 

550 

860 

6-12 

no 

26 

111 

430 

840 

t)  - 

-1, 

ii-7 

1-7 

no 

25 

105 

370 

800 

2-8 

no 

20 

95.5 

370 

740 

5—9 

Voltage    Cii§racterittic  .  i''reciUency-60   cycle! 

Holtser- Cabot    Set  .  Sine    '.Vave  . 

One    riali   Ice  I. 


CocpeEE  atirg  ':'ial 

Line  rote        -  ac  •■■'dc  ''^'  ac  Heactcnce  Sv/itoli 


2£0 

13  £ 

310 

105  0 

1300 

220 

124 

304 

106  0 

1£00 

£20 

114 

270 

960 

1160 

220 

104 

245 

850 

1060 

220 

95 

227 

780 

1000 

220 

87 

£05 

690 

900 

220 

80 

210 

0  -■  'J 

iZC 

220 

S4 

19  7 

590 

600 

£2  0 

68 

181 

550 

760 

220 

60 

166 

£CC 

700 

220 

54 

152 

450 

64  0 

220 

46 

137 

580 

600 

110 

54.3 

16  0 

410 

600 

110 

49.5 

15  0 

370 

560 

110 

45. 

138 

350 

500 

110 

40.5 

128 

330 

480 

110 

36  . 

117 

270 

400 

110 

31. 

106.5 

250 

400 

110 

30. 

109 

240 

400 

110 

25 

101 

230 

300 

110 

23 

94 

170 

300 

110 

20 

89.5 

150 

260 

110 

15 

77.5 

140 

240 

110 

10 

70.5 

ISO 

200 

J-6.    Ii-12  1-7 

£-8 


3-9 

4-10 

5-11 

6-12 

1-7 


4-lC 

5-11 
6-12 

J-6.    H-L£  1-7 

2-8 
3-9 
4-10 
5-11 
6-12 

J-1,    II-7  1-7 

2-8 
3-9 
4-10 
5-11 
6-12 


:abi3  XXI. 

Variation  cf  Effective   "..   "',    F.    -r.ltli    eonctcnt. 
Average    E.    ::.    F.    £   s-t   Yariout    loads. 

^Yeeti^^iouse    Alternator . 
Prequency-60  cycles. 


Line    Volta^  Ea.c 


115.5  110 

115.0  no 

113  .5  110 

112.5  no 

111.4  110 

110.5  110 

109.6  110 

108 ,5  no 

108.5  no 

108.4  100 

108.0  100 

105.5  100 
104.3  100 

105.1  100 

102. a  100 

101.5  100 

101.0  100 

100.0  100 


100.0  90 

98. 5  90 

97.0  90 

94.5  90 

93.8  90 

92.8  90 

91.8  90 

91.0  90 

96.7  90 

91.0  80 

90.0  80 
88.5  80 

87.1  80 
86.0  80 

85.2  80 
83.7  80 
83.2  80 
82.5  80 


For    above   teat    connection  of   compensating   reactance   v/as 
J   to    6,    and    H  to  12.      Dial   £  witch  v;as   placed   on   1   and    7. 


S'de 

Idc 

110.2 

21.65 

in.8 

19.85 

115.8 

18.00 

116  .5 

16  .00 

117.0 

13.65 

117  .4 

11.85 

118.5 

9.90 

ns.5 

8.15 

122.5 

5.25 

98,7 

21.65 

9S.7 

19.85 

100.3 

18.00 

100.5 

16.00 

101.5 

12.65 

102.5 

11.85 

103.5 

9.90 

105.5 

8.15 

110.5 

6.25 

88.7 

21.55 

88.7 

19.85 

86.7 

13.00 

90.7 

16.00 

90.7 

IS. 65 

92  .7 

n.85 

94.7 

9.90 

97  .7 

8.15 

89  .7 

6.25 

76.7 

21.65 

76  .7 

19.85 

76.4 

18.00 

77.2 

16.00 

78.2 

13.65 

78.7 

11.85 

79.7 

9.90 

81.7 

8.15 

83.7 

6.25 

TABE   ZXll. 
He  V  cuiy   Ar  e  ?.  e  c  t  i  i  i  e  r  Ze  a-:  -or  ene  nt  s . 
Shovci   Id-  Plate   XvIV. 

Hormal    cond.ition&,    l^ill   Icai  v/itli   Impressed    ::.:.:,F.220,    50   cycles 

Refer  to   Plate    XZI7. 
Vi-57.5  Vg-lSS  73-222  V4-2CO  V5-IOO 

^1-15 .5  I2-12.5  1,-20  I^-EO 

:^efer   to   Plate   IV. 
J-6,   H-12  Dial   Switch  6-12. 

Tlie   current    in   line    H   --8.4    aiperes 

"  "  "c-node  E   -12.0  " 

"  ".         "   load   D   -20.0  " 

Refer  to   Plate    lY. 

Drop   over   one    compensating  coil   1-D — 188  volts. 

"  "   1/2   one  "  "      b-D 120        " 

"      oiie                 "  "      l-anode--222  volts 

"             "   1/2   one          "  "   6-        "      —128         " 


with   condition  of   full   load,    short   circuit. 


'ac  -^dc 


Idc 


_41.o  lc.5  0  20 

The  minimiiLi  load    is   always    ^5    amperes. 

liiie  S.LI.F.    is    always   27.5    volts. 


-^TT^LIOGRATHY    FOE   irX:C\J?iY   igC    RT'CTIFIEH 
1304  tc   Oetolier,    1906. 
lo      The    I'erciiry  ^.xo.    /ujiericfcn   Zlecti-o  .Giieni .    Soo,    V.7,p.S73 
£.      Const.    Cur.    :UA.R.    A.I.E.F.    Y.    £4,    p. 371,    745.670. 
S.      M.A.E.    for    Chareing-  Auto    Stor.    Pctteiy.    Elee  . /.ge  .7.34, p  .475 

4.  L'erciHT  -re.   Elec.   -;-g-.  ,    Y.    5-^,    p.   475 

5.  TvI.A.R.    for    CAarg-ic£:-   Auto. Stor.    ^attery,    Elee.Age,    V. 56, p. 66 

6.  ZU-i,^.    in  Lultiple    vdth   Tot  or    "fan.   Elee.Age,    Y.  56,  p.  310 

7.  !.'.A.R.    Elec.'ng.    Y.    57,    p. 509 

8.  M.A.R.    Usied    ;•.;     Frequency    Changer,    Ele  e  ."'Or  13- ,    Y. 45, p. 754 

9.  li'.  A.    lacip   naid  Rectifier , Elec  .V/or Id   Y.45,    p.    1031 

10.  Rectifier   Equipment    for    Garages,    Ele  c  .V/orlc  ,    Y. 47, p. 79. 
llo   Rectifier, Electrician,    Yol.54,    p. 949  .955. 

IE,   The   reroury    Arc,    Electrician,    Yolo55,    p. 326,    358. 

IS.   ::.A.    Lamp  &  Rectifier,   Electxleiin,    Y.    5d,    p.    387,589. 

14.  Single   ?h:  se   I".A.R.    Elect.    Y,    55,    p,307. 

15.  Rectification  of   A.C.    Elect.   Y.    56,    p.   6  77. 

16.  ©"bservation   on  I.'ei'cury  iLrc,    Elect.  Y.   57,    lay   11,    1906. 

17.  y.A.R.    En. .(U.S.A.)    Y.    4E,    p.   444. 

18.  IvI.A.R.    for   charging-    stortig'e   Ijatter  ie&  .Sci  .iimer  .1894  ,  r.l48  . 
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Din  CUSS  lOE.     • 

7/e  v;ill   devote   our   attention  nov/  to    en   interpretation 
of  the    results  as    shoT/n   by  the    cm-ves. 

We  'will    first  compare    the   results    chtainei  ',/ith 
a  per  Ire  d  v/ave  ,    at    different    frec-uenc  ies   ueinr   en  imjjresGed 
voltage   of    ?gO.      Frcn   a  cocvariron   of   Hates   VII   and   VIII 
ve   not,;    the   follo""inr   points:  — 

1.    .it    iro   eyclee   the    efficiency    If   greater   than  at 
60  cycleG . 

£.    The  power   factor   at   50   cycles   averae^es    about    85 1, 
at    1£0    cy-les,     shout    95 f^. 

3.   At   6  0  cycles   the    D.C.    voltage    is    continually 
about    tv/o   volts  higher   than   that    at   1!?  0  cycles. 

Under  the    sa^.e    conditions   as  above  but  us  inf:-    an 
impressed  voltag'e    of   110  vclts,    v/e   find   fron  a    comparison 
of   Plates   Zl   and   211  that:-- 

1.  That  the    efficiency  at   ir  0    cycles   is    on  an    average 
greater   than   that   at    6  0  cycles. 

2.  The  pov/er   factor   at   60   cycles   averages   about    80% 
and  at    1^0    cycles  about    75,"'j. 

3.  At    60  cycles   the    "'.G.    voltage   is    continually   S 
volts  higher   tliin   that   at    1£0   cycles. 

These   results   are    similar   to  those    obtained   at   220 
lyolts . 

The    efficiency   is    hiridier    at   120    cycles  than  at   60 
cycles   o::±nf-:  to  the      fact  that  the    inductance  effect 
increases   with  the    frecuency  and   makes   the   rectified 
characteristics   assurne  mere    nearly  a    straight    line,      i^t 
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1£0  cycles  the  rectified  E.':.P,  and  current  are  of  lesser 
amplitude  than  at  6  0  cycles  and  give  more  nearly  a  direct 
c-orrent  . 

''In  no\'7  -?ill  co];ij.:iar£    the   result  f   cltjinec    vith  a 
sine    v.ave    at   different    frequencies  T.lth    an   impressed   voltag:e 
of   ££0.      Froc  a    coEparieon   of   .Plates    11  and  X  we   note:  — 

1.  At   60   cycles   the  efficiency   it  higher   than  that 
at   £0   cycles   at   v^^vriouB    loads. 

2.  The  povv'er   factor  at  SO  cycles   is    s  ornev/hat  higher 
on  the    average    than  that   at    30  cycles. 

S.   The    D.C.   voltage   at  SO  cycles   is   higher   than  tljat 
at    6  0  cycles. 

With   110   impressed  voltage    on  the    supplj^    line 
the    same    conclusions    hold. 

Coriiparin^-  the    effect   of  wave   f oim  at    the    same 
frequency  we    find    frora  a  corupai-i^  en  of   Plates   YII  and  X 
that    :-- 

1.  The    efficienej   with  a   sine   wave    is    much  greater 
than   with  a  peaJced. 

2.  Tlie    sine   wave    gives  a   better    power   factor. 

S.    The    P.O.   voltages    are   f-pproxiriBtely  the    same. 

The    same    conclusions    hold  true    for   both    110   and 
220   impressed  volte^ge. 

The  choice  of  220  or  110  voltages  depends  on  the 
supplying  line  arxi  tl:ie  P.O.  voltage  desired  vhich  is  essen- 
tial   in   the   storage    battery  work. 

In  general  the   efficiency    curves  r.dth  pealced 
waves  P.£'ve    a  large   h.ump   at  the    lower   loads  which  the    effici- 
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enc^    curvec   on  sine   v/aves  liav  e   not. 

The    mereuiy    arc   rectifier   v/orl-rE   veiy  yvell   on 
arc   laip   load  Khicli    is    shovn    in  Plate  XT^IVI. 

The    rectifier   gives    fair   results   7;lieii   operating 
on  looter    lofd,    but    it    it  diffi'jalt    to    supply    a  large 
enoucL.   starting  current    '/.dthout  overloaoinj    the   rectifier. 

Platen;   Xv,    ZII,    XVII   .3iia  PYIII   siio-v  the    relation 
of   D.C.    volts   delivered    to   A,    C.    volts    supplied  to  tube. 

'iVith  the    sarae   form   of  v/ave    the    oonvei'fiion   of 
voltage   is:    about    the    sane,    as   ecu   be    seen    from  the   plates. 

With  a    sine    wave   a  greater  P.C.    voltage    cm  be 
obtained    for   the    seme  A.C.   voltage    supplied,  then  u  ith  a 
peshed  v;ave  , 

Plate   XIX  sho^vs   the   relation  of  the    effective 
E.LT.F.   and   constant   c:verage    P. P. P.   at   various    loads.      These 
volte ges   were   neasured  respectively  vdth  an  A.C.   voltiaeter 
and    a   P.O.    voltmeter  across  the    same   points.      The    average 
^.I'.F.   v/as  li-intained   constant    by   slightly  alterinr   the 
line  P.I.T.F.    and   the    ccrrespondi  nr'   effective   reGdir.£'    ta:ren. 
As  the    load  increased  the  arnature  rercticn  of  the   eltemator 
caused  a   change    in  the    shape    of  the   iiiriressed   wave   form  that 
produced  a    correspondin?-    change  on  the    P.O.   ^ave  vhich 
caused  a   variation   of  effective   P.M.F. 
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ADVAIT TAGS S   AE D    i ' i  S Au VA I TA  GE S  . 

Tlie   merciiry  are   rectifier    is    self-containe  C ,    reiuirin.g 
only   to    be    conneeteci   to   the    seeoiidarieB   of  t lie    supply 
trcn&forr.ier  rnd   to    the    load.      The    panel    ecirpletely   ecui,  pad 
re._iUires   a   floor    space   of  ai:pro::iii'ately  IG    inches   by   18 
inches   and    lias    a  hei£:lbt'of   76    inches.      If  sup,,,  orted  hy  a 
wall,   the    floor   space  iii£.y    be    further    reduced.      On  the    panel 
ii;    mounted  a   voltneter    aiid   ;  rometer,    cireuit    breaker  and    fuses 
and    all  the    necessary   svritches    fo--    operating  the    rectifier. 

The    first    cost   of  the    mercury  arc   rectifier  is 
comparatively   lov/ ,    the    20   ampere    capacity  beiAg-    about 
J225.00. 

AS   tlie    loss   in  the    are   is   constant  the    efficiency 
of  course  v  ries  \.ith  the    :^i.C.    voltage   delivered.      The 
efficiency    holds    up  very  high  dov/n  to   one    quarter    load, 
averaging  from   75    to    9  5  per  cent,    v/hich  is    not   true    in 
motor   generator   sets.      The    average    test    on  an  electi-olytic 
rectifier  gives   en  efficiency    of   about  65   per   cent.      V/ith 
a  motor   generator    of   similar    capacity   the    efficiency  v.ould 
be  ab  oiit    5  5  per    cent    over   the   v.hole    run. 

Under    ordinary  eono_it  ions    of  test    the   power   factor 
averaged  approximately  90  p^e  r  cent.      It    is    of  special    inter 
est   to  knovr  that   this  high  power   factor   is  practically 
maintained   in   char£lng,   whether  a   lc-;i    or  a  high  voltage 
battery   is   being  charged. 

The    mercuiy  arc   rectifier    is    especially-  adapted   to 
charging  storage    batteries    on  account   of  the    inherent 
regulation. 
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Li}   tlie   voltage    of  tlie    ciiarging:  l)atteries   eomes  up   the  -eijcuit 
reciUired   is    le  se   andtlii.:   pexmitL:-    tlie    rectifier   to   iiapreSE 
a  liiglier  direct   current    E.Li.F,   vdiieh    it:  required   to    overcome 
tlie    P^.LT.F,    of  the    cells  .      If  a   motor    generator    set   stops 
vviiile    ciiarging-   the    accumulator    is    short   circiaited   through 
the    armature    of  the    generator,    seriously  injuring   the 
cells    and  pro  hah  ly  hurnirig-    out   the    armature.      Under    similar 
ccnditions    the   mercury   are  rectifier   does  no  damage   to  the 
cells    nor    in  ar^"  way  affects    itself  ^.;hen  the    arc   is   "bro-cen 
on  account    of  the    load    or   a   shutdov/n   in  the    line.      The 
breslcing    of  the   arc    opens    the   circuit,    thus  protecting 
both   battery  ana    rectifier   and   usiiig   absolutely  no   pOT.-er 
from  t  he    line  . 

The    m.eTC^iry  arc   rectifier   is  uniq^ue   in  that    it  has 
no  moving   parts.      There  is   no   dcJiger  of  fire    from   over- 
heated  joui-nels    ?nd    sparhinc   eomi.iutators .    This   rectifier 
is    free  from  vibrations,    oil,   dirt   and   noise    vhich   is  very 
dis   agreeable  under    certain  conditions.      On  account    of  its 
simplicity   the    mercury  arc    rectifier   can  be    installed   and 
operated   by  unskilled  labor.      It    is   mere    flexible    and 
reliable    in   operation  than   other  forms   of  rectifiers.      It 
can  be    used   on  any  commercial   frequency   &nd   almost   any 
line    voltage    giving   a  ^/vlde   range    of   direct   current 
voltage.      The    entire   E.I.f.F*   wsve    i?    used  v/hich  is   not 
true    of  the   electrolytic    rectifier. 

The    disadvantages   of  tlie    mercui^.^  arc   rectifier  will 
nov/   be   tal^en  up  briefly.      The   only   part   of  the    rectifier 
set  that  caa  require    msa  inteni^nee    is    the   tiibe.      The    average 
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liie   01    -Sie   tulDe   imder   ncrihal  operating   ocncLit  ions    is    ai 
least    700  hou  'S.      TIig    cost    of   renev/al   i?  nierely  noi.iiiial 
compat'ed   to   the    ntuaerouf   auVcOitages.      The    life   of  thr    t  ute 
is    liiiiitid  by  brea:'-age  anil  loss   of  vaeuuin.    These   drng'ers 
are    increased  by  worlrinp    the    tube    above    its   rated    capacity. 

The  minitiuja   load    at   vhich  thit    tufce    V/ill    operate 
is    4.5    amperes   and    .hen  the    lead    i&   ta>en   off  by  a   breal: 
in  the   eircniit    or    intentionally    the   rectifier  Eust   be 
started    beofre  there    can  be    a  f'.C.    load  becaiose    the    lead 
current    forufi    the    arc    in  the    rectifier  tube. 

The    mercury  arc   rectifier    is    litiite  .    to   SLall 
capacity    o^  account    of  the    tube  but   ce-n  be    used   on  hig; . 
voltage.      Llercury  arc   rectifiers  are    beirg  built   for    £5000 
voltfc'   sltcrnatir^^    cnirrent   and    to    deliver  a    constant    current 
of   6.6   ai4:ere£.      A   rectifier  giving  £000  volts   on   the    direct 
current    eide  v^ith   a  lead   corrposed   of  are   Icmps    is    in  regular 
service   on  the    streets    of   -chenectady,    running   a  number   of 
"niae-netite"   arcs   in  series. 

On  account   of  the    rectified   current   bein=;-::   pulsating 
tl:e    rectifier   cannot   be    used  for   all    conditions    vhere    a 
direct   current    is  required.      The    cuestion   of   injury   to 
storage    batteries   has   been   submitted  to    a   storage    batteiy 
manufacturer  and    th.e  reply  was    that   there    is  no   possible 
harm  to    batteries   in  chargiing    with  a   pulsating  current. 

The    poor    regulation  v.ould  be    counted  as   a    disadvantage 
and   v/ould  be    for   som    loads  but    since  the    rr.ercury  arc   rect- 
ifier  is    almopt    entirely  used  for   charging    accumulators   the 
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regulation   is    ar.   adv^antage    as    explained  under  the    subject    of 
advj-^tages. 


